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Quick Reference Terms and Definitions 
• ENSO- El-Nino/Southern Oscillation 
• OTD- Optical Transient Detector 
• LIS- Lightning Imaging Sensor 
• TRMM- Tropical Rainfall Measuring Mission Satellite 
• LRTS- Low Resolution Time Series 
• ONI- Oceanic Nino Index 
• Flash-A series of individual lightning strokes within a set 
spatiotemporal interval (on average 3-5 strokes per flash) 
Key Questions 
•Wherein the tropics does ENSO phase contribute to changes in the 
annual production of lightning, and to what degree? 
• What controls lightning production at these locations, and how do 
those environmental controls change with ENSO phase? 
• Can the environmental changes help explain the deviations 
observed in the lightning production in that area? 

A Little about the Lightning 
• Data from the Gridded Lightning Climatology from TRMM-LIS and 
OTD were used, primarily the LRTS from LIS 
• 2.s0 x2.s0 resolution, smoothed 7.5° spatially and 98 days 
temporally 
• TRMM LIS 
• January 1998 to May 2015 
• 35° inclination orbit 
• average detection efficiency of around 82% at between 3-6km resolution 
• 600km swath reaches 38N to 38S 

The ENSO Approach 
• Defined an ENSO 'Year' as beginning in April and ending in March 
of the following year (e.g. ENSO 2000 would begin on 4/1/2000 and 
end 3/31/2001), thus the peak of ENSO phase is contained in one 
year 
• Each individual year from the LIS time series was then classified as 
either warm, cold, or neutral in accordance with the ENSO phase 
determined by ONI, and then averaged together into a mean 
warm, cold, and neutral year 
ENSO Warm Phase       
(El-Niño)
• Met threshold ONI 
value of +0.5°C for at 
least 5 consecutive 3 
month averages
• Composed of 4 study 
years: 2002, 2004, 
2006, and 2009 with an 
average magnitude of 0.61°C above the mean 
SST
Flkm,-Yr,0
ENSO Cold Phase          
(La-Niña)
• Met threshold ONI 
value of -0.5°C for at 
least 5 consecutive 3 
month averages
• Composed of 8 study 
years: 1998-2000, 
2005, 2007, 2008, 
2010, and 2011 with an 
average magnitude of 0.79°C below the 
mean SST
Flkm,-Yr,0
ENSO Neutral Phase
• Did not meet the warm 
or cold thresholds
• Composed of 4 study 
years: 2001, 2003, 
2012, and 2013 with an 
average magnitude of 0.08°C below the 
mean SST
Flkm,-Yr,0
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Cold TC (Mozambique); 22.5S:12.5S & 30E:45E 
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Cold Teleconnection (Mozambique); 22.58: 12.5S & 30E:45E 
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Variable Annual Warm Cold Neutral Full Period
CAPE 0.894 0.938 0.883 0.869 0.778
Conv. Pr. Rate 0.846 0.891 0.839 0.811 0.707
LI -0.949 -0.991 -0.940 -0.915 -0.891
Omega -0.933 -0.935 -0.912 -0.901 -0.740
Sfc Pressure 0.593 0.547 0.602 0.515 0.422
Precip. Water 0.955 0.991 0.948 0.924 0.881
Sfc RH 0.822 0.883 0.811 0.785 0.783
Sfc Temp. -0.181 -0.201 -0.161 -0.133 -0.084
2m q 0.868 0.930 0.858 0.833 0.82510m U Wind 0.985 0.997 0.975 0.962 0.90710m V Wind 0.978 0.908 0.989 0.986 0.907
95% CI → 𝑟 > 	~|0.1| for annual cycles, for the full time period 𝑟 > ~|0.025|
Variable Annual Warm Cold Neutral Full Period
CAPE 0.945 0.951 0.937 0.936 0.923
Conv. Pr. Rate 0.871 0.905 0.869 0.845 0.785
LI -0.955 -0.977 -0.944 -0.946 -0.939
Omega -0.446 -0.315 0.047 -0.728 -0.190
Sfc Pressure -0.973 -0.976 -0.962 -0.974 -0.945
Precip. Water 0.933 0.961 0.924 0.917 0.907
Sfc RH 0.589 0.656 0.601 0.524 0.593
Sfc Temp. 0.912 0.927 0.907 0.912 0.863
2m q 0.891 0.912 0.887 0.865 0.86810m U Wind 0.381 0.403 0.366 0.325 0.34110m V Wind -0.931 -0.930 -0.962 -0.881 -0.890
95% CI → 𝑟 > 	~|0.1| for annual cycles, for the full time period 𝑟 > ~|0.025|
Variable Annual Warm Cold Neutral Full Period
CAPE 0.943 0.937 0.933 0.946 0.908
Conv. Pr. Rate 0.878 0.902 0.812 0.912 0.749
LI -0.974 -0.964 -0.971 -0.970 -0.932
Omega 0.301 0.772 -0.141 0.134 0.106
Sfc Pressure -0.816 -0.770 -0.809 -0.757 -0.699
Precip. Water 0.885 0.872 0.861 0.905 0.853
Sfc RH 0.811 0.916 0.776 0.700 0.589
Sfc Temp. 0.929 0.921 0.913 0.938 0.889
2m q 0.926 0.920 0.908 0.939 0.88710m U Wind -0.170 -0.353 0.201 -0.100 0.08010m V Wind 0.902 0.932 0.904 0.860 0.845
95% CI → 𝑟 > 	~|0.1| for annual cycles, for the full time period 𝑟 > ~|0.025|
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Mean Pattern (Left) vs Cold Phase (Right) for Africa on August 15 
Convective Precip. Rate (shaded in 1 mmd- 1) , Flash Density (contours of 5Flkm- 2d- 1} , and 10m Wind (vectors) 
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Mean Pattern (Left) vs Warm Phase (Right) for Africa on January 1 
Convective Precip. Rate (shaded in 1 mmd- 1) , Flash Density (contours of 5Flkm- 2d- 1} , and 10m Wind (vectors} 
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Conclusions 
• For central Africa and Mozambigue.,._ inter-annual variability is related to 
the ITCZ and how it relates to ENSu via the Indian Ocean high 
• Mozambique 
• Cold (warm) phases favor an westward (eastward) displacement of the Indian 
Ocean high, which in tum allows for stronger northerry (southerly) flow, forcing 
the ITCZ further south (north) 
• Centra I Africa 
• Increased southerly flow during warm phases keeps the ITCZ farther north during 
austral summer 
• Allows better correlation with moisture and CAPE maxima later in year 
• Increased boundary layer stability with increased subsidence aloft may produce 
fewer but stronger updrafts promoting higher graupel concentrations 
• The largest increase in subsidence is to the north of the ITCZ, potentially 
explaining the extension of the lightning maxima northward 
Conclusions 
• Convection in the eastern Gulf/western Atlantic region is 
dominated by more localized dynamic and thermodynamic 
processes 
• Sea breeze convection 
• Orographic lift and differential heating over Cuba 
• Neither process really affected by ENSO phase pattern changes 
• More stable summers (warm phase)- potentially fewer, stronger 
thunderstorms 
• Less stable summers (cold phase)- potentially more weak thunderstorms 
• Not to say there is no impact from El-Nino in this region, just not a 
profound impact in lightning activity 
Future Work 
• Continue analysis of model reanalysis data, investigating more 
variables and at more levels to better explain the observations, 
such as in central Africa where surface variables do not tell the full 
story 
• Incorporate other datasets (MERRA-2, GLM, 155 LIS) to expand the 
depth and duration of the study 
• Produce weighted average years based on phase magnitude, and 
expand phase classifications (e.g. warm to cold, cold to warm, 
warm to neutral, etc) 
• Use conditional flash rates to determine storm intensity for each 
phase 
References 
Cecil, D. J ., D. Buechle~ and R. Blakeslee, 2014: Gridded lillhtning dimatology from lRM M-LIS and OTO: data5et desaiP!ion. Atmos. Res., 135-
136, 404--414, ool:10.1016/).atmo.sres.2012.06.02! (data d from http://thunder.nsstc.nasa.gov on 7/1'5/2017) 
Ch ri5tia n, H. J. et al., 2003: Global fre<luency and dirtribution of lightning as o~rved from 5Pace by the Optical Tral\Sient Detector, J. 
Geophys. Res., 108(D1), 4005, cfoi:10.1029/2002JD002347 
Ch ronls, T. G. et a I., 2008: Glo~l lightnlng actMty from the ENSO perspective, Geoph~. Res. Lett., 3S, U9804, dol:10.1029/2008Gl.034321 
Dowdv. A. J .,. 2016: Seasonal forecasting of lishtning and thunderstorm activity in tropical and temperate regions of the world, Sci. Rep., 
&:20814, dol:10.1038/srep20874 
Goodman et al., 2000: The 1.997-~ El Nino Event and Related WlnterUme Ughtnln& Variations In the Southeastern United States, Geoplrys.. 
lies. l.t!tt., 27, 4, 541-544, do,: 276/00/1999GU)1080B50S.OO 
Huang.. 8. et al., 2017: Extended Reconstructed Sea surface Temperature, Version 5 {ERSSTvS): Upgrades, Valldatlons, and 
lntercompar1sons,J. Cl/mall?., 30 8179-,8205, dol:10.1175/JCLI-D-16-0836.1 (data acoessedfrom 
http://onsin.cpc.ncep.noaa.gov/products/analysis_monitt>tin,/ensostuff/ONLVS,php on 8/4/ln 
Jury. M. R., 8._ Pathack, and B. J. So~n. 1992: Spatial structure and lnterannual var1ablllty ofsummer convection over southern Africa and the 
sw Indian ocean, S.Afr. J. sc,., 88, 275·280 
Kalnay et ~\;2996: The NCEPJNCAR r reana~Ts proJect, Bull. A~r. Meteor. Soc., 77, 437-470 (data accessed from 
f!p:t,,lfl,cdc.noaa.gov/Oatasets/ncep.reanalysls.dal on 10/17/2017) 
Nasso~ A- and M. R. Jury, 1997: Intra-seasonal Climate Variability of Madagascar. Part 2: Evolution of Flood Events, Meteor. Atmos. Phys., 64, 
L43-254 
Riemann-Camp~ K,1 K. Fraedrich, and F. Lunkeit. 2009: Global climatology of convective available potential energy (CAPE) and convective Inhibition 1CIN) In ERA.-40 reanalvsls, Atmos. Res., 93, 534-545, doT:l0.1016/Jatmosres.2008.09.037 
Sa1Dri, G,, E. Willia~s, and I. Lemperger.b2009: Variability of global li{:htning activity on the ENSO time scale, Atmos. Res., 91, 500-507, 
doi:10.1016/J.atmosres.2008.06. 14 
25 
Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) 
and do not necessarily reflect the views of the National Aeronautics and Space Administration.

